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Overview

* Motivation
e [etector description
* Double-scatter neutrons image reconstruction concept

« Single bar characterization
e Setup using 2’Na
e Setup using 08r

e Bar characterization results

e Challenges in the current array
o Alternative array a results
 Muons

e [onclusions
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M Dt I VEItI 1]l " Special nuclear material detection

 Nuclear waste handling
e Fundamental particle physics
o Astronomy

e [Detection and imaging of neutrons —

S ais 117/ — : 1 /”—.\
« [esirable:
compact imager, easy to transport and deploy, with a high efficiency.

* Fast neutrons:
-Low natural backgrounds

-Ability to penetrate shielding materials
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Detectar

e B4 dxax20 mm bars of EJ-204 scintillator,

wrapped in
 Two Sensl .
photomultip

e [Lustomized DAQ, which uses 32 IRS3d ASICs,

description

eflon tape
-series bBxB mm silicon

ier (SiPM) arrays

developed at UH
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bars

Lattice support for 64

[SiPM array support | ~ (e

EJ-204 wrapped in
Teflon

Lattice support spacer
around threaded rod

Sig

IRS PARAMETERS
Parameter Table Column Head
Channels 8
Sampling cells 128
Storage depth 32,786

Digitization
Quantization
Dynamic range
Typical noise
Sampling rate
Buffer time
Conversion time

on-chip Wilkilson
12(9)-bits logged (effective)
~ 2V
~ 1 mVgans
1-4 GSa/s
(8-32)uus
>2us

r Board
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Recoiling proton
with Ep
V..

d10 and t10: distance and time
between the first two scatters
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Incoming
neutron
with En

Polar Angle
Polar Angle

Direction reconstruction via cone back-
projection accurately determines simulated
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dingle bar characterization

Lonsidered scintillators:

Scintillator || tg (ns) | A (em™1) [ N. (MeV—1) | Np (MeV—1)
EJ-200 0.9 380 10,000 4,905
z~t] —tyorz~log(A/As) EJ-204 0.7 160 10,400 5,084
EJ-208 1.0 400 9,200 4,378
EJ-230 0.5 120 9,700 4,557
4~ b1ttt EJ-232 0.35 - 8,400 3,679
2 EJ-260 - 350 9,200 3,470
EJ-262 250 8,700 3,548
EJ-276 . 8,600 4,203
E ~/A1Az EJ-276G 8,000 2,991

Two independent experimental setups performed characterization of

the test bars:

o axax!30 mm? of test scintillator bars

e Test bar coupled to two Sensl J-series Bx6 mm? SiPM, biased at
+30'V

e [ata acquired with three DRS4 Eval board, calibrated at 0.17 GHz
sampling.
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scintillator candidates from Elijen Technology

Lonsidered surface reflectivities:
Enhanced Specular Reflector(ESR)
PTFE (Teflon) tape

no surface treatment with only total
internal reflection




Sensl J-series SiPMs readout

back to back all keV annihilation gammas emitted from a #“Na source.

* Trigger system: axaxamm? stilbene crystal, wrapped in Teflon coupled with a single SensL J-series BxB mm? SiPM.
* [rigger moves along the test bar

« 100,000 events acquired per source position

August Ist, 2019 7
A Galindo



Setup with 4USr source
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90 Sr source (betta-
emitting)

Lead collimator limits the
betas position under 2 mm,
mounted on a scan.

The system triggers itself
on a coincident signal
threshold of 7 mV

4000 interactions per
source pasition



dingle bar characterization results

scimilator || 2 (%) |—m2 {mn‘;}us MEE/E Ef’)c o Agreement between both experimental setups,
a r VE 5 . . . . .
300 bare 1M s T 33 i 167 141 despite the difference in the configurations.
Teflon || 154%3 | 1020 | 7.65 | 145 | 158 e The time variable is more robust than the variable of
ESR 14543 11.14 12.09 16.6 12.2 _
EJ-204, bare 13613 10.08 10.67 15.7 | 147 EIITI|J|I’[LIdE.
Teflon 14242 8.06 6.54 13.1 14.3 .
for || 120+3 | sso | oea | 176 | 125> = EJ-204 was selected over EJ-230 given the lowest
EJ-230, bare || 141£3 | 961 | 886 | 17.8 | 150 detection threshold, desirable for fission spectrum.
Teflon 14242 8.39 6.32 22.6 13.9
ESR 156+ 3 10.17 8.52 234 | 130 |° Threshold of ~30 ke Vee EXpEE’[Ed
EJ-276, bare 18315 12.13 13.51 17.8 14.1
Teflon 1712 9.29 0.54 16.5 14.1
ESR 177+4 .bb 10.45 15.0 11.3
Syst. error =7 +§.73 +0.42 +3.5 -
g [ Lo i i _|'7F, i i J"’I ; ; o
00 s e oo busmmse xosben s diwss simast wawss s s s s s 4 s S S, N S %.”
4 5 5 5 5 5 | |

Eifeag 6'29 ({200 "5’2{} 6’294 204 6'23 6’23 (;.930 f}.?; Efe;»

are) e, )S,q) Bare)Tefy, 555,9) a;-) el ) fa;-e) ef,r GESR)

(NIM A DOI:10.1016/}.nima.2013.02.063)
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Achievements and challenges in the current array

e Full array assembled

Pixels illuminated by cosmic muons in one SiPM of
the detector

The optically segmented single-volume scatter camera
prototype

e Full electronic system testing is underway

.................

e [rosstalk found in the signals

P,
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height (ADC)
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Waveform signal 60 \
with crosstalk:
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L\, Crosstalk correlation among the SiPM pixels, the red pixel corresponds to the channel illuminated by a laser, the color
ogﬁmymmmﬂw : gﬂf\mwmw” represents the amplitude of the crosstalk.
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Alternative carried out test

Alternative array, consistent with the prototype

(0.5 x 0.5 x 19 cm3, EJ-204 wrapped with Teflon, two
readout Sensl J-series bxB mm?, DRS4 daisy chain), filled
with four bars placed as follows:

B1 as target for neutron scatters

B2, B3, and B4 set as targets for the second neutron scatter.
Trigger condition: pulse of at least one bar end over
threshold, between bars 1&2 or 1&3 or 1&4

Threshold: 5mV

Bar Assignment (L)

AmBe source \
. aal

B1 B2

B3

B4

alternative array
was placed insidea
lead shield to avoid
gammas.

Lead bricks

in order to avoid most of the electronic crosstalk
detected in the full array.
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Bar Assignment (L)

B1 B2

B3

B4

Results of neutron double-scatters, using the AmBe

SOUrCE

 average time difference between bars | & Z

 average time difference between bars | & 3

 average time difference between bars | & 4

counts

- pe . htemp
= IJ re I I m I n a ry Entries 4246
r Mean -0.009528
= Std Dev 0.9178
L x2/ ndf 21.32/33
Constant 20.33+1.15
10° = Mean 1.23+0.16
C Sigma 1.061+0.124
10
RN LU

4 6
(AVT2-AvT1) (ns)

Min distance:

|XEarl-Bar2|=3-lEE cm
AV~2.57 cm/ns

Max distance:

August ngﬂrQ@;zﬂFB.EIH cm
AV~2.698 cm/ns

couts

10?

10

Deralimatimm aryy htemp
:rICIIIIIIIIOIY Entries 4796
= Mean 0.3759
[~ Std Dev 0.8765
= %2 / ndf 37.62/32

Constant 352+1.6
Mean 1.326 +0.086
Sigma 0.8561+ 0.0695

T lllll]ll

T 1|||||I|

LT)

1 1 1 1 1 1 1 1
-2 0 2 4
(AvT3-3.275-AvT1) (ns)

Min distance:

|XEarI-Ear3|=2-83 cm
AV~2 134 cm/ns

Max distance:

|Xﬂap[.5£}3|531u{12d3m
AV~2.72639 cm/ns

counts

Dialiiasliamaei htemp
3
1w = TTHTTIdly Entries 5723
C Mean 0.2216
Std Dev 0.6869
%2/ ndf 20.9/16
Constant 23.51£1.70
Mean 1.631+0.068
1 02 = Sigma 0.5649 + 0.0707
10—
ﬂ_‘ H 1 IHH H 1 1 1 | 1 | L | 1 1 L l 1 H H 1 | I
- 0

2 4 6
(AVT4-3.275-AvT1) (ns)

Min distance:
|XEarl-Bar4|=2'282 cm
AV~1.399 cm/ns
Max distance:
|XEarI-Bar4|=2-4HIEm 12
AV~1.527 cm/ns




Test bar simulations

«  SiPMsimulations using Monte-Carlo based on GosSiP! framework, which provides a detailed model of the SiPM response
light source. Information needed from photons arriving at the SiPM area in each SimEvent:

aPosition xy

Az position (sensitive volume name)

atime

awavelength (Energy)
Data acquisition. Simple simulation of the basic characterization measurements.

[ ] SiDM n:lr‘:ll‘rlnh:lr'(‘ r'll("l'nn'liﬂ:!rl TI'IE (‘iﬂnﬂl r'I'I:anl:! an‘l +|'|D \Al:l\ln‘l:rlr'rn aro (‘imlllﬂ+nf‘| ‘I:nr' (‘nPI"i‘Fiﬂrl n:lr‘:lmn‘l'l:lr'('
Data of an EJ204 bar wrapped with Teflon, “"Cs source at 2 cm from | Simulation of an EJ204 bar wrapped with Teflon, “"Cs source at 2 cm
the center: from the center(GEANT4 + GosSiP):
Real Data Simulated data
- htemp - htemp
35— _ _ Entries 1570 = 1 Entries 1485
E Mean 42.7 35 = 1 Mean 44.14
30 :_ P Std Dev 9.038 - Z_ Std Dev 10.88
— 72 / ndf 51.42 /41 - %2/ ndf 47.16/35
25:_ Constant ~ 29.45 = 1.31 25:_ Constant  24.64 = 1.31
sl Mean 49.28+0.34 - I Mean 535+0.6
- Sigma 5378+ 0.249 20— Sigma  5.441+ 0.429
e 15?—
10— 10
5— 53—
0:|||ﬂ'||||||||||||||||||||||||||||||||||||||| e D:|||||||||||||||||||||||||||||||||||||||||||
25 30 35 40 45 50 55 60 65 25 30 35 40 45 50 55 60 65 70
‘ August 1st, 2019 AA, TMath::Sqri(max0"max1)
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Nimulation and real data for muons

Preparing the detection/calibration using muons, with simulations and real data

. Real data . Simulated data
Muans detected in one side of the array, using the IRS3D Full detector array programed in Geant4
® . . -
o Cosmic muons generated using CORSIKA, randomly distributed on the

Pixels illuminated when passed a threshold

top of the array
Photons detected in the SiPMs volumes

o ~N o 0 A~ W N
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-
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Nimulation and real data for muons

Setup for muons

Real data

e 4 bars of the full detector
e acquisition with 2 DRS4 daisy

Simulations
* Histogram of the most probable value for the B4 bars

Ehaln Data from far bars 1, 2, 3 & 4. o 1 | H f Enl]l] 1 I H 'd
, , D L e simulations o vertical inciaent muaons
. or 3.
* Amplitude histograms:
- Bar 2
@ ntemp _@ C ' htemp
g C Entries 5000 é 'I\EAntnes 252033
lean 2
° 10? Mean 326 ° 10 L S En
i Std Dev 38.97 E 2y ;
i 5 = x2/ ndf 27.3/31
r %/ nof £1:81/31 - Constant 281.4+1856
B Constant ~ 430.5 +26.2 B MPV 91.78 +1.19
10? E MPV 96.68 + 1.16 102 = Sigma 10.42 + 0.61
£ Sigma  8.182 + 0.457 =
10 = 10
e =
E L Lo | f | o T H L | H E L PR S S 1 1 O [ P ) |-|1 I ﬂ
0 100 200 300 400 0 100 200 300 400
AA, (MV) AA, (MV)
Bar 3 Bar 4
- htemp “ htemp
E .4 Entries 5000 | S Entries 5000
g 10k Mean 3411 8 Mean 18.65
E Std Dev 41.37 10° & 32“; D;V ® 737/-23
3 22 [ ndf 48.75/ 40 E e 3
Constant  368.3 + 21.0 B Constant 172.3 +14.6
102 - MPV 98.15+1.35
E MPV 96.55:51.30 ol Sigma  12.35+0.93
E Sigma _ 9.077 +0.472 107
10 = i
g 0E
= =
oo Lo Lo oy Dol bl o bbb ol v Ly g g Loy | o T A I g Lo L g oyl P A TN I | T fliTee
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Conclusions

Uptical coupling, trigger conditions, covering and optical quality of bars all
affect amplitude (Az & AE) and must be controlled and calibrated.

Time measurements are more robust against systematics than amplitude
We can achieve ~lcm spatial resolution

We're able to see neutron double scatter events

Muaons and neutron simulations undergoing, including waveforms.
Directional resolution soon to be measured.
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